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Covariances Among First-Lactation Milk Records of Cousins 
L. D. VAN VLECK and C, L. HART 
Department of Animal Husbandry, Cornell University, I haca, New York 
Abstract 
Covariances among first-lactation milk 
records expressed as deviations from herd- 
mate averages of Holstein cows related as 
cousins of varying degree, as daughter- 
dan1, as full and maternal sibs, and as 
aunt-niece of varying degree were examined 
to dete~nine whether genetic maternal ef- 
fects are important. The multiple regression 
of the expected coefficients of additive di- 
rect, additive maternal, dominance direct, 
and dominance maternal genetic variance 
components; and a ditive direct by addi- 
tive maternal and dominance direct by dom- 
inance maternal genetic covariances on the 
24 estimated covariances between pairs of 
relatives gave a multiple correlation coeffi- 
cient of .95. The regression of actual co- 
variance on the coefficient o£ additive direct 
genetic variance gave a correlation of .92. 
These results suggest for these data that 
only additive genetic effects are important 
for this trait. Additive genetic variance 
accounted for 38% of total variance. The 
intercept of the regression line indicated 
that the average environmental eovariance 
among pairs of relatives accounts for 2 to 
3% of the total variance. 
Bradford and Van Vleck (1) reported a 
difference in heritability estimates for first-lac- 
tation milk production expressed as deviations 
from herd-mate averages from daughter-dam 
regression (.44) and paternal half-sib correla- 
tion (.25). Several analyses of more of the 
same data have not completely deter~nined the 
reasons for the difference (3, 5-7). Additive by 
additive genetic variance is apparently not im- 
portant (5). Enviromnental correlations be- 
tween daughter and dam records apparently 
account for .01 to .02 of the total variance (4). 
The increase in variance with change in time 
and production may also bias the daughter-dam 
regression upwards by about 10% (3). Genetic 
maternal effects a rea  possible cause of the 
remaining difference between the two methods 
of estimation. Van Vleck and Hart (7) found 
evidence to cast doubt on the importance of 
maternal effects. Willham (8) has suggested 
that the best sets of relatives to use to estimate 
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the importance of genetic maternal effects are 
sets of cousins. 
This study attempted to estimate genetic and 
genetic maternal components of variance from 
the covariances between records of pairs of 
cousins with additive relationships of 1/]6, 1/8, 
5/16, and 3/8. 
Materials and Methods 
The data were first.lactation (305-day, 2×,  
M.E.) milk production records expressed as 
deviations from herd-mate averages (2) of regis- 
tered Holstein cows. These records were taken 
from the files of the New York Dairy Records 
Processing Laboratory. 
Covariances between records of pairs Of grand 
daughters (cousins) with relationships as de- 
scribed in Table i for the four mating patterns 
were computed. Records of the dams were also 
available. Thus, covariances and variances were 
computed among the set of four records for 
each mating pattern--Danghter One, Daughter 
Two, Dam One, and Dam Two. The expected 
coefficients of an arbitrary six components of 
genetic and genetic maternal variance included 
in the various covariances are given in Table 2 
for the four analyses. (See Willham (8) for 
the derivation of these coefficients.) 
Results and Discussion 
The expectations shown in Table 2 are all 
based on the assumption of no selection on any 
of the records. The means and variances hown 
in Table 3, however, suggest hat, at least, the 
records of dams were selected. Consequently, 
the eovarianee between any daughter (niece) 
and any dam (aunt) was expressed as the re- 
gression of the daughter on the dam (aunt). 
The covarianee between cousins was expressed 
as the correlation between them, and similarly 
the covarianee between the dams (maternal or 
full sibs) was expressed as the correlation. 
These standardized estimates appear in the 
right-hand column of Table 2. Note that in 
each analysis there were two estimates from 
daughter-dam regression and two estimates from 
niece-aunt regression. 
An attempt was made to equate the estimates 
to their expectations for each analysis by limit- 
ing the number of components to four or less. 
In all cases the equations were not consistent, 
in that components such as Am ', which must be 
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TABLE 1 
The four mating patterns associated with analyses of covariances of records of relatives. 
Only daughters and dams had records 
Mating pattern Diagram of mating pattern 
A 
B 
D 
Daughter 1< Dam 1~- -___ .~.__~ Granddam 
Daughter 2-( • Dam 2 ~-- 
Daughter 1~.. . Dam 1 ~¢..~.. .~  Granddam 
Daughter 2< • Dam 2 "~'~- ~ Grandsire 
Daughter 1,~_.:.__ • Dam 1 
. ~ Sire Granddam 
Daughter 2~ ~ • Dam 2 J~- 
Daughter 1,~ Dam 1 a ~ _~-  Granddam 
Daughter 2< ~ SDi:en 2 ~ . ~ G r a n d s i r e  
greater  than or equal to zero, were estimated to 
be large and negative. Quite frankly,  the esti- 
mates did not make sense. 
Another  approach was tried. A mult iple re- 
gression of the standardized eovariances on the 
sL-( coefficients of the components of genetic 
variance or covariance was run. The eovariances 
were weighted by the number  of pairs  of rec- 
ords included in the covariance. This procedure 
should be very similar to weight ing according 
to the inverse of the variances of the regressions 
or correlations. Note that  the six estimates for 
each mat ing pat tern  are not independent.  Var i -  
ous combinations of the independent  variables 
(the coefficients of the components) were tried 
to see which components were relatively most 
important  in determining the covariance among 
records of the various relatives. Statistics for  
the mult iple regression analyses are given in 
Table 4. 
TABLE 2 
Expectations of genetic components of covariances between records of relatives resulting from 
four mating patterns 
Genetic variance or covariance ~ Estimate 
of 
Relationship Ao ~ AoAm Am 2 Do ~ DoDm Dm 2 covariance 
Mating Pattern A 
Cousins 1,/16 1/4 1/4 
Danghter-dam ] /2 5/4 1/2 
Aunt-niece 1/8 1/2 1/2 
Maternal half-sib dams 1/4 1 1 
Mating Pattern B 
Cousins 1/8 1/2 1/2 
Daughter-dam ] /2 5/4 1/2 
Aunt-niece 1/4 3/4 1/2 
Full-sib dams 1/2 1 1 
Mating Pattern C 
Cousins 5/16 1/4 1/4 
Daughter-dam 1/2 5/4 1/2 
Aunt-niece 1/8 1/2 1/2 
Maternal half-sib dams 1/4 1 1 
Mating Pattern D 
Cousins 3/8 1/2 1/2 
Daughter-dam 1/2 5/4 1/2 
Aunt-niece 1/4 3/4 1/2 
Ful]-sib dams 1/2 1 1 
0 0 0 .051 
0 1 0 .238,.218 
0 0 0 .090,.070 
0 0 1 .116 
0 0 1/4 .060 
0 1 0 .200,.205 
0 1/4 0 .076,.023 
1/4 0 1 .192 
1/16 0 0 .179 
0 1 0 .254,.231 
0 0 0 .099,.122 
0 0 1 .184 
1/8 0 1/4 .078 
0 1 0 .258,.142 
0 1/4 0 .109,.086 
1/4 0 1 .222 
Ao 2 is the component of genetic variance due to additive direct genetic effects. An12 is the 
component of genetic variance due to additive maternal genetic effects. Do 2 is the component of 
genetic variance due to dominance direct genetic effects. Dr, ~ is the component of genetic 
variance due to dominance maternal genetic effects. AoAm iS the component of genetic covari- 
mace between additive direct and additive maternal effects. DoDm is the component of genetic 
covarianee between dominance direct and dominance maternal effects. 
COVARIANCES OF COUSINS' I~ECORDS 
TABLE  3 
Est imated varlm~ces and eovariances, and means for analyses of records result ing f rom four 
mat ing  patterns  
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Variance-eovariance matr ix  (leg~gO) ~ Means (kg)  
Dau. 1 Dam 1 Dau. 2 Dam 2 M.E. Dev. 
Mat ing Pat te rn  A, N = 2,412 
Dau. 1 11,639 2,233 
Dam I 9,372 
Dau. 2 
Dam 2 
Mat ing Pat te rn  B, N = 582 
Dau. 1 11,628 1,841 
Dam I 9,205 
Dau. 2 
Dam 2 
Mat ing Pat te rn  C, N = 516 
Dau. 1 10,421 2,116 
Dam I 8,337 
Dau. 2 
Dam 2 
Mat ing Pat te rn  D, N = 246 
Dau. 1 10,852 2,204 
Dam 1 8,537 
Dau. 2 
Dam 2 
607 773 6,016 - 92 
661 1,042 5,928 95 
12,035 1,881 6,088 -103  
8,615 5,975 105 
725 679 5,923 -129  
215 1,738 5,968 157 
12,486 1,823 6,032 - 29 
8,910 5,937 111 
2,054 836 5,968 -139  
1,017 1,539 5,971 180 
12,603 1,946 6,025 -127  
8,424 5,960 94 
867 917 5,952 -- 51 
731 1,881 5,971 180 
11,503 1,197 5,875 --151 
8,431 5,945 127 
The in tercept ,  a, wou ld  be expected to be 
zero i f  there  was  no env i ronmenta l  cor re lat ion  
among the sets o f  records.  Thus ,  a can  be taken  
as an  es t imate  o f  the  average  enviromne~lta l  co- 
var iance  among the  records  of  the  re lat ives.  
The  mul t ip le  corre lat ion coefficients g iven  in 
Table  4 suggest  that  the  on ly  genet ic  component  
of  any  impor tance  in determin ing  the covar iance 
between the k inds  of  re lat ives in this ana lys i s  
is the  addi t ive  genet ic  var iance ,  Ao ~. The mul -  
t ip le  corre lat ion  eoefilcien~ cons ider ing  that  com- 
ponent  a lone is .918, as  compared  to .950 when 
cons ider ing  all s ix components .  The  r gress ion  
coefficient g ives an  es t imate  o f  her i tab i l i ty  in 
the  nar row sense  o f  .38. The in tercept  g ives an  
es t imate  of  the average  env i ronmenta l  covar i -  
ance  o f  .027, wh ich  is in agreement  w i th  the 
repor ts  o f  Van  V leck  and  Har t  (7) based on 
TABLE  4 
Regression of coefficients of genetic var iances and covariances on standardized est imates of  
covariances between relatives 
Component 
Line a Ao ~ AoAm An, 2 Do 2 DoDm Dm e R 
1 .017 .450 --1.110 1.132 --.192 .804 --.024 .950 
2 .031 .427 --1.055 1.048 --.177 .775 . . . . . . .  950 
3 .022 .462 --.037 .027 --.201 . . . . . . . . . . . . .  921 
4 .027 .330 .028 --.015 . . . . . . . . . . . . . . . . . .  919 
5 .023 .351 .016 . . . . . . . . . . . . . . . . . . . . . . . . .  918 
6 .027 .381 ...... . . . . . . . . . . . . . . . . . . . . . . . . .  918 
7 .003 . . . . . . .  164 ...... . . . . . . . . . . . . . . . . . . .  850 
8 .106 . . . . . . . . . . . . .  056 . . . . . . . . . . . . .  167 
9 .134 . . . . . . . . . . . . . . . . . . .  23~ . . . . . .  . . . . . . .  158 
10 .092 . . . . . . . . . . . . . . . . . . . . . . . . .  128 ...... .825 
11 .136 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  003 .016 
12 .107 .394 ...... --.018 --.125 . . . . . . .  014 .920 
13 .082 .388 . . . . . . .  004 --.109 . . . . . . . . . . . . .  920 
14 .029 .382 . . . . . . . . . . . .  --.003 . . . . . . . . . . . .  918 
15 .025 .317 .011 . . . . . . . . . . . . .  018 ..... :920 
16 .024 .337 . . . . . . . . . . . . . . . . . . .  019 . . . . . . .  920 
Means of coefficients 
17 .137 .290 .819 .551 .012 .352 .176 
44 I,. D. VAN VLEOK AND C. L. ttAP~T 
TABLE 5 
Correlations among coefficients of components of genetic variance and covariance 
Component AoAm Am 2 Do ~ Dol)m D~ ~ C ~ 
Ao 2 .912 .192 .245 .865 .027 .918 
AoA~ .413 .022 .822 .196 .850 
A~ 2 .340 --.178 .922 .167 
Do 2 --.185 .407 .158 
Do])~ --.360 .825 
D~ 2 .016 
Standardized estimate of covariance between relatives. 
daughter-dam pairs in the same and different 
herds and of Van Vleek (4) for  the covariances 
among unrelated cows in the same herd but 
different year-seasons. 
The only other two components which appear  
singly to account for  much of the covariance 
between relatives are the covariances between 
the additive direct and additive maternal  effects, 
AoAm, and between the dominance direct and 
dominance maternal  effects, DoDm. This ap- 
pears, however, to be an art i fact,  due to the 
close relat ionship between the coefficients for  
those components and tile coefficient of Ao ~, as 
shown in Table 5. Am" and Dm ~ are evidently 
zero or near  zero. This implies that  AoA~ and 
D oDn, must also be zero or small, since A,. ~ X 
Am 2 --~ (AoA,,) ~ and Do -° X D,, ~ --~ (DoD~)". 
Conclusions 
Results f rom these data suggest that  only 
additive genetic effects are impor tant  for  first- 
lactation milk product ion expressed as a devia- 
t ion from herd-mate average. This conclusion 
conflicts with the idea of genetic maternal  effects 
previously suggested by other analyses of simi- 
lar data (],  5, 6). Env i ronmenta l  covarianees 
between records of a pa i r  of relatives in the 
same herd also fai l  to account for  the difference 
between heritabi l i ty estimates f rom daughter -  
dam regression and paterna l  half-sib correlation 
found in the earl ier analyses. These results, 
considered with the previous studies, suggest 
strongly that  the difference is statistical in 
nature. The similarity between daughter-dam 
regression for  deviations and for  mature equiva- 
lent records suggests that, for  some reason, the 
paternal  half-sib correlations for  deviations are 
biased downward. 
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